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ABSTRACT
The purpose of this study was to determine what, if any, were the effects of group
composition and mating season on grooming and aggression in captive rhesus macaques
(Macaca mulatta). Three groups of rhesus macaques were observed during the summer
of 2003. The behavior of these three groups was compared in order to determine if any
group differences were present. The following January, two of these groups (one had
been disbanded) were observed again to determine if behavior varied in the mating
season.
The results suggest that the number of intergroup fights has an inverse
relationship to intragroup aggression. In addition, because the group with only one male
showed significantly less grooming than the other two groups, grooming appears to be
used by males to gain access to reproductive females.

Findings also revealed that

male aggression towards other males increased during the winter mating season
(P=0.023) suggesting that there is male competition for access to reproductive females
during the mating season.
Further research is recommended to assure that these results are indicative of a
species approach to behavior and not merely individual differences in personality.
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1. INTRODUCTION
This study began simply as an attempt to determine the dominance hierarchies of
three different corrals in the breeding colony of rhesus macaques (Macaca mulatta) at the
Tulane National Primate Research Center (TNRPC). However, the data collected during
the summer of 2003 were then used as a research project for an internship at the primate
center. This initial study examined the differences in grooming, mounting, and agonistic
behaviors between the sexes and the three different groups. Because rhesus macaques are
seasonal breeders, additional data were then collected on two of these three groups (one
had been disbanded) the following January in order to determine if any significant
differences in these behaviors occurred during the mating season.
While there have been numerous studies on rhesus macaque behavior, this study
is unique in that several different factors are controlled, yet the circumstances are not
completely artificial. The research conducted on captive populations of rhesus tend to be
highly artificial situations in which stress is greatly increased and, therefore, aggression
levels are abnormally high. In these, the rhesus are often being first introduced to the
other individuals in the study causing a xenophobic response (Bercovitch, 1990). Other
studies observe rhesus that are housed either alone or with one other individual in an
unnatural indoor lab setting (Harlow, 1965). These factors are bound to affect the
behavior of the macaques.
Studies conducted in the wild, on the other hand, are innately natural, but several
factors have to be taken into consideration when analyzing behavior especially when
examining seasonal differences in behavior. In the wild, a food shortage comes hand in
1

hand with the fall mating season. Therefore, when considering the increase in aggression
coinciding with the mating season, the difference in behavior could merely be due to
competition over access to the small amount of food available (Teas et al., 1980).
The situation provided at the TNPRC breeding colony is ideal in that the rhesus
are housed in stable groups and are not usually disturbed except to feed them and
occasionally to remove an animal due to illness or death. In addition, food is provisioned
thereby controlling the monkeys’ access to resources. Therefore, food stress can be
eliminated as a cause of behavior change. This provides a unique balance of control of
extraneous causal factors while still providing the most natural habitat possible.
This research has implications for both animal husbandry and behavioral ecology.
Decreasing dangerous and potentially fatal interactions among captive groups is a goal of
all research facilities and animal welfare workers. By understanding how breeding
competition and group composition affect aggression, perhaps more educated decisions
could be made when creating groups that could lead to less conflict.
On a more theoretical note, this study would add to the field of behavioral
ecology. Behavioral ecology by definition is the development of evolutionary principles
to understand the adaptive advantages of behavior under different ecological conditions
(Krebs and Davies 1993). The situation created at Tulane is unique in that all variables
are controlled. The only differences between the summer observations and the January
observations are breeding season and weather, whereas access to food comes into play in
the wild. The housing and feeding of all the groups are the same. Therefore, any
patterned differences in aggression and grooming between seasons can be attributed
2

solely to climate and competition for mating as opposed to the multiplicity of factors that
affect behavior in the wild. By isolating these two factors, we can see how behaviors
become more or less adaptive in different situations and the different social strategies
employed by individuals under these circumstances. Then, through behavioral ecology,
the adaptive strategies can be used to formulate evolutionary principles that can be
applied to all primate species, extinct and extant, including our own ancestors.
While behavioral ecology is a provocative and useful paradigm, this study is too
limited in scale to elicit the answers concerning our own evolutionary past. This research
aims to contribute to a growing collection of studies that collectively may one day give us
the answer to the larger questions we have. In the meantime, this study can answer some
smaller questions about what motivates behavior in rhesus macaques and how these small
factors play into the overall framework of rhesus behavior.

3

2. LITERATURE REVIEW
Like most primates, rhesus macaques are social animals. They live in multi-male,
multi-female groups with a modal size of 25-30 individuals. Lindburg (1977) argues that
this size is optimal for forest life because the group is small enough to have enough to eat
by foraging, yet large enough to spot predators in the dense forests. Preferential access to
food is decided by strict dominance hierarchies. Since females stay in their natal troops
throughout their lives creating matrilines, it is the matriline that is central to establishing
the dominance hierarchies (Parker, 1990). Rank is ascribed from birth. A daughter will
inherit her mothers rank with the youngest sibling being dominant over her older sisters.
Although there are complex, stable matrilines, differential statuses for age-sex classes do
exist. Bernstein and Mason (1963b) found that even when individuals unfamiliar with
one another were first introduced, clear differential status was apparent between age-sex
classes and even within these classes. Adult males were typically dominant over adult
females with juveniles of both sexes at the bottom. Although some males are ranked
considerably lower than most females in stable established groups (Bernstein, 1993),
upon introduction, males were higher ranked than females.
At around 3 years of age and periodically throughout their lives, males will leave
their group and transfer to another group. This is likely related to reproduction because
the emigration occurs during the mating season and allows for gene flow preventing
inbreeding. Systematic male transfer was first noted by Lindburg (1969). All of the
males observed copulated with females in the newly acquired groups. These mating
attempts were met with hostility from dominant males of the group, but were carried to
4

completion. Several of the males incurred visible wounds during this transition. Because
rhesus are typically xenophobic and aggressive to outsiders, the male transfers live on the
periphery of the group until their place in the group is established.
Rhesus macaques are seasonal breeders. This entails a four month period of
mating followed by a five and a half month gestation period and a subsequent birth
season during which females give birth to a single offspring. The mating season is
brought on by changes in photoperiod, humidity, rainfall, and other external factors as
well as internal mechanisms (Michael and Zumpe, 1981; Vandenbergh and Vessey,
1968). In the natural habitat in India, the mating season lasts from October to February
with the birth period lasting from March through May (Southwick et al., 1965; Lindburg,
1971).
Sexual behavior, or mounting, consists of the male being positioned
dorsoventrally to the female, mounting and clasping the female’s buttocks and legs with
his hands and his feet, respectively, followed by pelvic thrusting. The female assumes a
posture with buttocks raised and head and shoulders lowered both during mounting and to
invite mounting (Harlow, 1965). Females usually mate promiscuously before they form
consort or pair bonds with a particular male and solely mate with that male for a period of
up to two or more weeks. Following this monogamous period, the female will mate with
several males again. Females then go through a celibate period before their next cycle
begins (females have a 28-day cycle). This will continue until the female is impregnated.
When mating, a male will mount a variable number of times with an intromission
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between the mounts eventually culminating in copulation. Between and after mounts,
one partner typically grooms the other (Zumpe and Michael, 1978).
When females first approach a male upon becoming receptive, they are often
attacked. After a consort bond is formed, however, the females were “shown a
considerable degree of tolerance by their male partners” (Zumpe and Michael, 1978: 37).
Because of this protection by the male, females have been observed to preferentially mate
with dominant males. Curie-Cohen et al. (1983) observed the dominant male to
participate in 67% of all copulations in the groups they observed. However, research into
paternity revealed that the dominant male only fathered 30% to 48% of the offspring born
in the group. Smith (1981), nevertheless, found that the dominant male usually fathered
the majority of offspring in the group observed for that study. In the group in which the
second most dominant male sired most offspring, that male soon replaced the dominant
male at the top of the hierarchy. Regardless of paternity, the dominant male always had
the greatest access to reproductive females most likely due to female choice. The other
instances of mounting perform a social function. Noncopulatory male on male mounting
occurs frequently as a gesture of friendship. Such interactions are usually described as
the more dominant male mounting the lower ranked male, but this is not always the case
(Lindburg, 1971). Females will mount other females and are rarely seen to mount males.
The affiliative behavior most often employed by females is grooming.
Grooming is one of the main actions that create and maintain good social
relationships. This can be extremely important among a group with a strict dominance
hierarchy and limited access to food. Although good social relationships should be
6

beneficial to all individuals, adult females both perform and receive the most grooming of
all age-sex classes. Females groomed other individuals twice as much as juveniles and
three times as often as males (Teas et al., 1980). Lindburg (1971) found that fully half of
all male grooming occurred with female mating partners. Furthermore, males rarely
groomed each other. This may be because males are not essential to the matrilineal
society and will leave the group for another later in life. Therefore, males use grooming
to create temporary partnerships with females while mating during the breeding season.
Aggression is performed for a multiplicity of reasons. Particularly, females
initiate aggression when “asserting dominance status, protecting offspring, weaning
infants, aiding other group members under attack or threat of attack, protecting self, and
competing for access to various incentives such as preferred social partners” (Mallow,
1980: 217-218). Some aggression even comes in the form of fight interference. This
‘altruistic’ behavior is seen when coalitions form to attack one another and when the
dominant male polices fights among females. Kaplan (1978) claims that these
interferences occur to help juvenile kin and peers. This serves to protect the altruistic
individual’s genes and social situation. There is more than just genetics involved. A
complex social network comes into play in all aggressive encounters. Along these lines,
Bercovitch (1990) determined that the most influential factor in alleviating aggression
was social stability.
As for overall differences between the sexes, Teas (1984) found that males and
females differed in the amount and percentage of aggression employed in terms of contact
and noncontact aggression. Females threatened slightly more than males (in terms of
7

percentage of overall agonistic interactions) at 83% for females and 76% for males.
However, males chased their victims more than females with 20% compared to 12%
respectively. This may be due to the high energy costs of chasing. Females generally
conserve energy when pregnant or carrying young offspring. The percent of attacks was
the same for both sexes at 5%. Both sexes have similar aggressive strategies suggesting
that certain types of aggression are universal for males and females. While percents of
aggression were similar between the sexes, males averaged 3.75 aggressive encounters
per hour compared to 1.60 average for females.
Harlow (1965) found differences in behavior between the sexes that may be
innate. In order to state with complete certainty that these behaviors were not learned or
cultural, the infants were raised without contact with other monkeys with only an
inanimate surrogate as a mother. When the infants were placed in heterosexual social
groups, the males threatened both females and other males, while the females rarely
threatened males and only threatened other females half as much as the males did.
Moreover, certain submissive patterns of behaviors emerged. Harlow defines one as
passivity in which an individual is unresponsive to the approach of another. A second
behavior is withdrawal or active retreat from an approaching individual with a clear
attempt to face away from that individual. The third response to an approaching
individual is rigidity: the monkey being approached visibly stiffens the body and averts
their head. All of these behaviors appeared more often in the female infants than in the
males. Harlow (1965) speculates that these behaviors are adaptive in order to increase
reproductive chances. If females avert their heads, face away from, and present their
8

buttocks when males approach, then the likelihood of making dorsoventral contact with
an approaching male increases leading to a greater chance of mounting. These results are
inevitably skewed by the idiosyncratic behaviors that occur in monkeys reared with no
social contact. However, the grooming pattern seen in the Harlow study is similar to
known behaviors among socially reared animals. Among these socially unskilled infants,
females did show increased grooming by five to six months of age while males did not.
Females are known to groom more often than males in free-ranging and captive socially
reared rhesus groups (Mitchell and Tokunaga, 1976). The similarity of the surrogate
raised monkeys supports the idea that grooming is genetically programmed into rhesus
monkeys from birth and not a purely social construct of gender roles.
Aggression in rhesus macaques has been studied extensively for several reasons.
For one, rhesus monkeys are used frequently in research because of their physiological
similarities to humans. In addition, rhesus macaques are more agonistic than most other
primate groups (Southwick, 1968). The strict hierarchies created in groups are
maintained by a large repertoire of daily threats and submissive behaviors. Rhesus
macaques are known as a particularly aggressive species even among the macaques. In
comparisons with stumptail macaques, pigtail macaques, and celebes black apes, rhesus
had the highest level of aggression. Contact aggression accounted for 33% of all
aggression and rhesus males performed contact aggression more than males of the other
two macaque species. In just about all age-sex categories for initiated and received
aggression, rhesus had a higher rate than the other species (Bernstein et al.,1983). In
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another comparative study, Thierry (1986) found that rhesus showed higher levels of
contact aggression, including biting, than Tonkean and Java macaques.
Primatologists have noticed seasonal variation in aggression coinciding
with the breeding season. Vandenbergh and Vessey (1968) were among the first
researchers to describe such a pattern. While they did not perform a systematic study of
agonistic behavior, they did report a seasonal difference in the number of wounds and
deaths at the La Parguera colony. Males in the colony were wounded more often during
the mating season than during the birth season. Although females were always wounded
less than males, during two of the four years of observations, females were wounded
significantly more during the mating season than the birth season.
Wilson and Boelkins (1970) found similar results on Cayo Santiago. The male
rhesus were wounded or killed more often during the mating season than any other
season. However, this study showed no seasonal difference in wounding among females
and an insignificant increase in female deaths during the birth season. The authors
conclude that the most likely reason for the increase in male aggression during the mating
season results “indirectly from hormonal changes in sexually mature male monkeys”
(Wilson and Boelkins, 1970: 723). Both of these early studies of seasonal variation in
aggression neglected to conduct systematic studies of all agonistic behavior but instead
relied upon frequency of wounding and death. This allowed for analysis based only on
intense aggression that results in wounding.
Irwin Bernstein (1993) pointed out another drawback to using increased wounding
frequencies among males during the mating season as an indicator of overall group
10

aggression. He observed that in free-ranging troops, males transferred from their groups
during the mating season, perhaps as a strategy to gain access to a greater number of
receptive females. Bernstein (1993: 384) speculates that the “xenophobic responses”
elicited from males already established in a group against a new male attempting to join
the group are responsible for the increase in wounding. After all, aggressive attacks that
lead to wounding are generally believed to be initiated by males (Bernstein, 1993) and
rhesus are known to attack unknown individuals (Altmann, 1962). These findings are
supported by Boonratana and Edwin (1986) who found that aggression among natal group
members and others is highest due to aggressive interactions with subordinate male
transfers. If this is correct, it could explain why no visible wounds were observed during
my research. If Bernstein is correct, then the presence of transferring males, not
competition over access to females, is responsible for the increase in frequency of
wounding during the mating season.
Bernstein (1993) conducted a study similar to the one presented here. However,
he looked at all the males while only studying the females between the ages of 2.5 and
4.5. During these observations, judging from nearest neighbor data, males associated
with other males more often in the spring and more with females during the fall mating
season. The monkeys spent more time grooming during the fall because females both
groomed and received grooming more. Not surprisingly, more mounting and sexual
behavior occurred in the fall as well. Mounting did occur in the spring, but it was often
males mounting other males.
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As for agonistic behavior in Bernstein’s (1993) study, more noncontact aggression
occurred in the fall, but no seasonal differences could be seen for overall frequencies of
contact aggression. The author also reports that while most aggression was noncontact,
most of the contact aggression was directed towards female partners in the mating season.
On the other hand, during the birth season, a greater amount of the contact aggression was
directed towards males. This is contrary to both the high frequencies of wounding found
by Vandenbergh and Vessey (1968) and Wilson and Boelkins (1970) during the fall and
the theory that competition between males over access to receptive females during the
breeding season accounts for increased levels of contact aggression. Bernstein (1993)
suggests that consortships formed between males and females during the Fall might
account for the increased contact aggression directed by males towards females. Because
males exhibit higher levels of contact aggression to other males during the nonbreeding
season even though they show higher levels of noncontact aggression during the breeding
season, seasonal variation in aggression cannot be explained solely by males competing
over access to mating opportunities. He suggests that the observed changes in behavior
“represent a broad adaptation to seasonally changing variables in the environment”
(Bernstein 1993: 401) as opposed to a single breeding variable that affects all other
behavior. These results may be skewed due to the fact that only young females are
sampled.
Drickamer (1975) conducted a seasonal study of behavior as well at the La
Parguera colony in Puerto Rico. This study shows that males directed most of their
aggression to other males and females directed most of their aggression towards other
12

females. In addition, males directed more aggression to both other males and females
during the mating season, and males initiated aggression more to juveniles during the
birth season. Females directed aggression towards males and females at higher rates in
the fall as well. As for juveniles, they directed more aggression towards females during
the birth season and received more aggression from females during the mating season.
There were no seasonal differences on juvenile to male aggression. Adult males initiated
the most aggressive behaviors and mostly to other males. Males also received more
aggression than either females or juveniles. The general conclusions reached are that
each age-sex class directs most aggression towards members of their own age-sex class
and that males perform more aggression than females who, in turn, initiate more
aggression than juveniles.
Drickamer (1975) speculates that the aggression rates increased in the fall during
this study because there were more individuals in the observation areas during the mating
season causing more interactions that could lead to increased aggression. Other than this,
the increased aggression is attributed to increased sex hormones in both sexes during the
mating season. Females were observed to have higher levels of aggression during and
just before the mating season and lower levels of aggression during and just before the
birth season. This could be due to females’ preoccupation with their offspring causing
lower levels of aggression while pregnant and with newborns.
Teas (1984) also concludes that most aggression is noncontact. She found that
only 6% of observed aggression was contact while the other 94% were threats and chases.
The relative proportions of contact and noncontact aggression stayed the same throughout
13

the seasons although the absolute numbers changed. Teas saw only a small increase in
male on male attacks and female-male attacks during the mating season. The big change
was in male-female attacks in the fall that increased by nearly 400%. The adaptive
advantage of this phenomenon is unknown to Teas since aggression has been shown to
cause spontaneous abortion. Grooming rates did increase during the mating season too.
She speculates that mating requires males and females to be physically close to one
another causing males to attack and increased grooming to smooth over the relationships.
Mallow (1980) found that both contact and noncontact aggression increased when
an estrus female was present in the group of captive rhesus monkeys housed at the Yerkes
Field Facility. Furthermore, the findings support those of Teas (1984) in that contact
aggression always maintained a constant proportion of overall aggression. Even though
contact aggression increased when females were cycling, wounding frequencies did not
rise. Contact aggression did not even increase at a significant level. Only noncontact
aggression increased significantly during the mating season. Mallow suggests that this
may be due to either male competition over mates or possibly even female competition
over males and claims that female choice may be an important factor in a stable group
with clear matrilinear dominance hierarchies.
Walker et al. (1983) attempted to determine female aggression during the
menstrual cycle as well, but went about it in a different manner. They used a restrictedmales paradigm as set forth by Gordon (1981) in which the males were allowed into the
group for 4 hours each day, 7 days a week. This study showed that noncontact aggression
involving females increased during the mating phase of the cycle. Contact aggression did
14

not significantly increase. The researchers believe this has less to do with elevated
hormones, but simply results from females attempting to mate with males. The close
proximity required to initiate sexual activity creates hostility and, therefore, increased
aggression. Females were also equally aggressive to both mating and non-mating females
suggesting that competition over males is not the main factor. Mating females initiated
aggression more, but did not receive more aggression than the non-mating females. This
dispels the idea that mating females leave themselves vulnerable to other females when
attempting to mate. Walker et al. (1983) suggest that in seeking out a sexual partner, the
female changes the social environment of the group, opening up her chances for frequent
encounters with others. The increased encounters lead to more exposure to aggression
inducing situations, therefore, aggression “increases as the complexity of the social
environment increases” (Walker et al., 1983: 1052).
Teas et al. (1980) noticed seasonal variations in behavior among the free-ranging
rhesus macaques in Nepal. The fall mating season showed increases in grooming, sexual
behavior, feeding from human sources, and agonistic behavior. However, the increased
aggression was significant only for adult males who initiated twice as many aggressive
interactions than females and four times as much as juveniles. These Kathmandu rhesus
overall had high levels of aggression, several times greater than other troops in India.
Still, only 6% of this aggression involved contact.
To further examine the relationship between increased aggression during the
mating season and increased hormone levels, Zumpe and Michael (1978) conducted a
highly artificial test to get to the heart of the matter. The researchers administered
15

hormones to the animals then placed a male and female together in a cage and observed
the resulting interactions. Although this is a purely created scenario, the behaviors were
“remarkably similar” (Zumpe and Michael, 1978: 31) to those observed in the wild. The
ovariectomized females which have reduced receptivity both initiated and received more
aggression when introduced to a male. The most interesting result of this study is the
observation of the pair threatening somewhere off in space to relieve the tension between
the male and female in the cage. The authors believe that this threatening-away would
almost certainly be directed at other individuals in the group were the couple in a natural
environment. This explains the increase in mating females directing aggression towards
other females, both mating and non-mating, observed by Walker et al. (1983). The
mating couple displace the tension between them by threatening others.
Lindburg (1971) reported a seasonal variation in aggression in free-ranging rhesus
macaques in North India. The highest level of agonistic interactions occurred in the
mating season. “The tensions associated with sexual activity were clearly the principal
factor contributing to aggressive encounters at this season” (Lindburg 1971: 63). The
data showed no clear evidence that this increase in aggression was due to male
competition over mates. Some males were seen to attack a female consorting with
another male but never gained access to that female. These attacks were never directed at
the male consort but always towards a female consorting with a lower-ranked male. This
research shows an increase in wounding during the mating season and also that 13% of all
aggression was contact aggression.
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Seasonal mating affects levels of grooming as well. Drickamer (1976) found that
females were involved in more than 60% of all grooming in free-ranging rhesus
macaques at La Parguera. Males groomed females, significantly more during the mating
season, but did not groom other males very often. Overall, more grooming occurred
during the mating season than at other times of the year. Some of this can be explained
by the grooming between consort pairs of males and females while mating. Females
groomed others more often during the mating season, including other females, males, and
juveniles. The increased levels of grooming in the mating season are due mainly to
females grooming males and males grooming females although female-female, femalejuvenile, and juvenile-female grooming also increased slightly. Outside of the mating
season, males groomed infrequently except for an occasional male-male grooming.
Females and juveniles groomed most often with others in their own age-sex class.
Malik (1986) reports that grooming patterns change seasonally too, but he
attributes this difference to weather. During the winter, grooming occurred only after the
monkeys ate and the day got warm enough to bask in the sun and groom one another. In
the summer grooming began upon waking. Grooming peaked in the afternoon and
extended until bedtime regardless of season. However, in the winter, the peak hours for
grooming were noon to 5PM while the summer peak lasted from 11AM until 6PM, fully
two hours longer. Despite the shorter time period, more grooming occurred during the
winter because the summer heat made resting more frequent. A similar pattern was
discovered by Bernstein and Mason (1963a) and Seth and Seth (1986).
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An additional cause for the increased grooming during the mating season could be
explained by research from Drickamer (1976) and Bercovitch (1990). Both researchers
found that in situations where aggressive encounters increased, grooming increased as
well. It seems that the monkeys groom more to ease the tension and social stress of
whatever may be causing the increased aggression. Therefore, it is possible that the
increased grooming seen in the Fall is simply a byproduct of the increased aggression
associated with the tension of mating. The rhesus macaques could just be trying to relax.
Because rhesus macaques are social animals, it stands to reason that group
composition would affect behavior as well. Several studies have attempted to determine
exactly how group composition affects different types of behavior. Meishvili and
Chalyan (1999) examine the relationship between group structure and reproductive levels
in both rhesus and cynomolgus macaques. They found that group size and sex ratio
affected the number of infants born among the rhesus macaques. The highest fertility was
associated with groups that had less than 15 females for every one male. Also, if there
were less than 15 females in the entire group, fertility increased. There were, however, no
differences in infant survival that pertained to group composition.

Although group size and composition factor into behavior, other situations may
overshadow the effects of group size. Fairbanks and McGuire (1978) attempted to
determine the effects of group composition and cage size on the aggressive behaviors of
rhesus during group formation. However, the authors found that the high stress situation
of creating a new group had a more dramatic effect on the xenophobic macaques than any
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subtle differences in sex ratio or group size. This study illustrates the importance of using
stable groups to examine slight differences in behavior.
Dunbar (1991) found that grooming behaviors changed along with differences in
group size for all catarrhines. The larger the group size, the more frequent grooming
becomes. Dunbar (1991) claims that additional grooming occurs in larger groups in order
to meet the needs of the increased social load placed on individuals. Dunbar (1991)
speculates that these individuals are most likely creating more alliances as group size
increases. The monkeys are torn between wanting to gain the benefits that come along
with larger group size and alleviating the stress that results from such a situation.
Therefore, “animals will view their key relationships as increasingly important and should
invest grooming time in them proportionately” (Dunbar, 1991: 128).
A study by McIntyre and Petto (1993) looked at groups of four and five female
rhesus macaques housed together. These authors found no significance to variations in
group size either. However, they concluded that the group composition and the
characteristics of the individuals that formed the group are much more important factors
effecting levels of aggression than simply group size. This study will therefore examine
not only group size, but group composition as well.
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3. METHODS
Two separate tests were conducted using similar methodology during the summer
and then again in January. The summer study examined the difference in behavior
between the sexes and the three separate captive groups at the Tulane National Primate
Research Center. The following January, two of the three groups were observed again in
order to determine seasonal differences in behavior.
Subjects
The subjects were rhesus macaques (Macaca mulatta) that were housed in
breeding corrals at the Tulane National Primate Research Center. The monkeys were
tattooed across the chest with ID numbers in addition to being marked with black dye in
distinctive locations on the body to aid in identification (Figure 1). All individuals were
observed and analyzed according to age-sex category. Adults were defined as greater
than three years of age, juveniles were between the ages of one and three, while infants
were below one year of age. Infants were excluded from analysis in order to eliminate the
effects of the intense mother-infant relationships. At TNPRC, juveniles are removed
from their natal group when they reach a year old and placed in small cohort groups.
They are later returned to either their natal group or a new group at age two. Therefore,
there are no one to two year olds in any of the groups observed.
Group Composition Study-Subjects
Three different corrals were observed containing a total of 9 adult males, 27 adult
females, and 6 juveniles. A number of infants were born within the observation period
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Figure 1. Rhesus macaques at Tulane National Primate Research Center. Note the black
dye marks that aid in identification of individuals.

with a finishing total of 13 infants. The three corrals studied were R/05D, R/09C, and
R/10B. R/05D was composed of 2 adult males, 5 adult females, 1 juvenile, and 2 infants.
R/09C was the largest group with 6 adult males, 13 adult females, 4 juveniles and 10
infants. R/10B was interesting because this group had only one male housed with 9
females, a juvenile, and 1 infant. All three of these groups had been previously
established and were socially stable. These groups are smaller than average in the wild.
Lindburg (1977) reports that the modal group size of rhesus is 25-30. However, on Cayo
Santiago, group sizes ranged from 41 to 306 between 1976 and 1983 (Rawlins and
Kessler, 1986), making the groups at Tulane well below the average.
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Seasonal Study-Subjects
In January, 2004, only two of the groups were observed again: R/05D and R/09C.
R/10B had been disbanded between the summer and winter observation periods.
Between the summer and winter observations, one of the adult females along with two
juveniles were removed from R/09C due to illness. These individuals were subsequently
not present during the winter observations. Therefore, during the winter, R/05D had the
same composition with 2 adult males, 5 adult females, 1 juvenile, and 2 infants, while
R/09C had 6 adult males, 12 adult females, 2 juveniles, and 10 infants.
Housing
The subjects were housed in three separate corrals of similar size and structure.
Each was approximately one quarter of an acre and contained similar enrichment devices.
The corrals were fully enclosed with chain link on all sides and the roof. The floors were
natural and were almost completely covered with grass. Four beams were set up
horizontally off the ground where the monkeys spent most of their time. There was a
large semi-circular metal pipe in two of the corrals that provided a visible barrier to
escape fights. The third corral, R/10B, had a plastic structure instead. In the corner of
every corral, there was a small structure of metal that extended to the ceiling and was
enclosed on three sides. This provided additional shade and escape from threats.
Because of the way this ‘house’ faced in one of the corrals, behaviors that occurred within
the structure were impossible to record. Subsequently, the behaviors that were conducted
inside all the structures were not recorded in order to prevent a bias between the groups
(See Figures 2-4 for illustration). Feeding often occurred while observations were
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Figure 2. Photo of R/05D. Note the metal enclosure in the rear and the horizontal beams
on which the monkeys spent most of their time.

Figure 3. Photo of R/09C. This corral is almost identical to same as R/05D in structure
and enrichment devices.
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Figure 4. Photo of R/10B. This corral has the plastic structure seen here instead of the
metal pipe in the other two corrals. These all serve the same purpose of avoidance from
fights.

underway. Because of the high incidence of feeding during observation, observations
during this time were included in the data. Feeding consisted of two animal technicians
entering the corral. One spread monkey chow, and occasionally oranges, throughout the
enclosure while the other made sure that none of the animals were sick or injured.
Because the food was spread throughout the corral, little or no aggression occurred over
who asserted first access to the food. Water was available ad libitum from three spouts in
each corral.
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Procedures
Only one observer conducted observation throughout the study. Observation
periods lasted one hour and consisted of all occurrence observation of grooming,
mounting, and agonistic behaviors. Individual agonistic behaviors were recorded
following the ethogram given, but then later lumped into larger categories for analysis.
Threat, supplant, lunge, stare, chase, fear grimace, submissive present, lip smack, and
flinch were categorized as noncontact aggression. Bite, hit, and push were grouped as
contact aggression.
The observer was seated in a chair in plain view of the monkeys and remained at
least 10 feet away from the enclosure at all times. A few minutes were allowed before
observation began for the rhesus macaques to adjust to the presence of the observer.
Once the subjects stopped threatening and began to ignore the observer, the observation
began. Because the observer was unfamiliar to the monkeys in any other capacity, the
rhesus were fairly neutral to the presence.
When a behavior was seen, both the initiator and the receiver were recorded along
with the specific type of behavior. For grooming, the start time and the finish time were
recorded. If the observer could not determine one of the participants because the
behavior occurred too quickly, the dye marks were not easily visible, or for any reason,
then that individual was noted as unknown. During analysis, these unknowns were
lumped together with behaviors (mostly aggression) that were performed to multiple
individuals when the exact individuals were not determined.
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The summer observations were conducted between May 29, 2003 and July 11,
2003. The winter observations occurred between the dates of January 6 to January 20,
2004. The mating season has been documented to last from October to February but
peaks in November. Most births occur in May and June although some occur from April
to August (Zumpe and Michael, 1978). Both of the observation periods in this study fall
near the end of their respective seasons, but births did occur in July and mating was
observed in January.
During the summer, R/05D received 8 hours of observation, R/09C received 19
hours of observation, and R/10B received 15 hours of observation. These differences in
time are an artifact of group size and the length of time required to determine the
dominance hierarchy for each group. All but one hour of observation for each group was
conducted in the morning mainly because of the heat. The afternoon temperatures which
often reached over 1000F heat index significantly lowered activity levels for both the
monkeys and the researcher. Therefore, all of the data collected during the summer will
be analyzed together as one unit.
In the winter, additional observations were made during both the morning and the
afternoon. It was unclear whether the morning summer activities would be more similar
to the winter morning because of time of day or to the winter afternoon because of
warmer temperatures. Ten hours of observation were collected in the morning for both
R/05D and R/09C. Ten hours of observation were collected for R/05D in the afternoon
and only 6 hours of observation for R/09C. To account for the differences in amount of
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observation, frequencies of activities were calculated in terms of amount per individual
per hour of observation.
Data Analyses
Nonparametric tests were used to analyze these data. In all tests, a p value of
equal to or less than 0.05 was deemed significant.
Group Composition Study-Data Analyses
Kruskal-Wallis tests were conducted to determine the significance of behavioral
differences both between the groups and between sexes. When a significant difference
was noted, a planned post-hoc paired comparison (Mann-Whitney) was performed.
When a group fight occurred or the individuals in the fight were undeterminable to the
observer, the fight was recorded in a separate unknown/multiple individuals category and
treated separately for data analysis.
Seasonal Study-Data Analyses
The Wilcoxon signed rank test was used to compare the summer data to both the
winter morning and winter afternoon data. These paired comparisons made it necessary
to omit the female and two juveniles that were removed from R/09C during the fall from
the analysis because they were only present in the summer data.
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Behaviors noted (Altmann, 1962)
Groom

Manipulation, brushing, or licking of fur of another animal with the mouth
and/or both hands. When one individual is groomed by two others at the
same time, both were recorded but counted as one grooming event for the
statistical analysis.

Mount

Climbing onto another animal simulating copulation posture.

Threat

An opening of the mouth to expose the lower teeth and making eye
Contact with another animal. Also includes flattening the ears against the
head and retracting the brow.

Fear Grimace Lips open up into a smile while teeth are clinched together.
Lunge

Thrusting the head and body forward towards another animal.

Bite

The act of using or seeming to use teeth to cut, tear or grip another animal.

Hit/Push

Pressing or striking with one or both hands at another animal so as to
move that animal away from the self or to harm that individual.

Submissive Present
A posture involving a stance on all fours with the hind quarters elevated
and the tail raised.
Stare

Visual fixation in an aggressive context. The animal’s head is thrust
forward and the body appears more rigid than in looking.

Chase

The vigorous pursuit of another animal.

Lip Smack

Bringing the lips together rapidly, resulting in a smacking sound; teeth are
covered.
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Flinch

A sudden retraction of the body when another animal approaches.
Submissive/fearful.

Supplant

Moving out of the way of another individual when they approach. The
dominant individual can either take the spot of the animal that was
supplanted or continue to move.
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4. RESULTS
Group Composition Study
The Krukal-Wallis test revealed significant differences in the behaviors of both
sexes and the three groups of monkeys during the summer (Table 1). Beginning with
differences in aggression between the sexes, a pattern of performed and received
aggression is seen. Males overall were more aggressive than females as indicated by
significantly more contact and noncontact aggression initiated by males. In addition to
this, males performed significantly more noncontact aggression on every class of
individual (males, females, juveniles, and multiple/unknown individuals) than females.
Not only were males acting out on other males, but all other individuals with which they
interacted. On the other hand, females received significantly more overall aggression
than males. However, females did not receive significantly more contact aggression, only
noncontact aggression. Plus, while females received more noncontact aggression overall,
they also received more noncontact aggression from other females.
Several interesting significant results came from group comparisons as well.
There were significant differences in overall aggression between R/09C and both R/05D
and R/10B. R/09C had less overall aggression in both instances. The same pattern
emerges when looking at aggression involving females. Both R/05D and R/10B had
significantly more aggression involving females than R/09C. However,
R/09C showed significantly more noncontact aggression acted on a male than either
R/05D or R/10B. This may be because R/09C contains more males and, therefore, more
lower
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Table 1. Observed p values for Kruskal-Wallis tests performed on both the summer and
winter aggression data. The * indicates a significance below 0.05 on all tables.

Acted contact
On males
On females
On juveniles
On mulitple/unknown

Summer Summer
by group by sex
0.922
*0.041
0.394
0.700
0.816
0.331
0.695
0.003
0.620
0.151

Received contact
From males
From females
From juveniles
From multiple/unknown

0.319
0.604
0.317
1.000
0.620

0.735
0.241
0.298
1.000
0.765

0.071
0.069
0.422
1.000
1.000

0.429
0.884
0.166
1.000
1.000

Acted noncontact
On males
On females
On juveniles
On mulitple/unknown

0.300
*0.000
*0.029
0.099
0.362

*0.002
*0.002
*0.008
*0.032
*0.008

0.760
0.197
0.980
*0.021
0.242

*0.017
*0.048
*0.019
0.210
0.605

Received noncontact
From males
From females
From juveniles
From multiple/unknown

0.137
0.462
0.062
0.119
0.157

*0.011
0.073
*0.037
0.205
0.855

0.541
0.194
0.778
0.403
1.000

0.465
0.666
0.333
0.276
1.000

All acted
All received
Total
Involving males
Involving females
Involving juveniles.

0.303
0.068
*0.006
0.661
*0.000
0.434

*0.002
*0.013
0.280
0.850
0.685
*0.041

0.779
0.683
0.285
0.980
0.799
*0.026

*0.016
0.444
0.198
0.765
0.236
0.432
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Winter
by group
0.245
0.181
0.248
0.925
1.000

Winter
by sex
*0.035
0.083
0.191
0.324
1.000

ranked males. Because low ranking males are more often the receivers of aggression than
high ranked males, the larger number of low ranking males may explain the increase in
aggression directed towards males. The only other significant difference in aggressive is
that R/10B showed more noncontact aggression acted on females than R/09C.
For the summer data, the analysis of grooming by sex was contrary to the
expected results (Table 2). There were no differences whatsoever in grooming behavior
between the sexes. There were, however, significant results in grooming between the
three groups. These all involve R/10B. R/10B showed significantly lower levels, in
terms of both frequencies and rates, of total grooming than either R/05D and R/09C. This
was all due to male behavior. The frequency and rate of grooming involving males,
grooming performed by males, and grooming received by males were less in R/10B than
in either R/05D or R/09C.
When the same tests are run on the winter data, different results are seen. For
these tests, both the winter morning and winter afternoon data were combined to make
the results less complicated. This should not effect the results because the same patterns
should be present in both the morning and afternoon for both groups and sexes.
There are fewer significant differences in the winter aggression data than in the
summer (Table 1). Between males and females, there are only two points of significance.
Males initiated more overall aggression due to performing more noncontact aggression.
Females, however, did not receive significantly more aggression than males.
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Table 2. Observed p values for Kruskal-Wallis test performed on both the summer and
winter grooming frequencies and rates.

Acted groom frequency
On males
On females
On juveniles
On mulitple/unknown

Summer
by group
*0.022
*0.003
0.241
0.461
0.255

Summer
by sex
0.209
0.263
0.203
0.189
0.122

Winter
by group
0.611
0.137
0.175
0.592
0.255

Winter
by sex
0.114
0.035
0.071
0.080
0.822

Received groom frequency
From males
From females
From juveniles
From multiple/unknown

0.106
*0.021
0.575
0.058
0.292

0.319
0.139
0.815
0.109
0.502

0.232
0.796
0.154
0.242
0.180

0.073
0.334
0.121
*0.020
0.618

Acted groom rate
On males
On females
On juveniles
On mulitple/unknown

*0.013
*0.003
0.051
0.458
0.255
.
0.109
*0.021
0.206
0.067
0.280

0.449
0.303
0.387
0.193
0.114

0.611
0.139
0.121
0.384
0.256

0.072
*0.031
0.054
0.174
0.823

0.187
0.120
0.447
0.106
0.539

0.140
0.608
0.053
0.220
0.181

0.296
0.072
0.234
*0.019
0.580

Received groom rate
From males
From females
From juveniles
From multiple/unknown
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Group differences were fewer but similar to the summer results. R/05D showed
more aggression involving juveniles than R/09C. Obviously, R/10B was excluded from
these analyses as they were disbanded before the winter. R/05D also had more
noncontact aggression acted towards juveniles. There were no other differences in
aggression between the two groups in the winter.
The Kruskal-Wallis results for grooming on the winter data reveal seasonal
differences (Table 2). Like the summer data, there were no group differences between
R/05D and R/09C for grooming. However, some significant differences in grooming
behavior between the sexes are seen in the winter. Females had a higher level of
grooming involving males than males grooming other males. This is due to the
significantly higher frequency and rate of females grooming males more than males
groom other males. On another note, males had a higher frequency of grooming
involving juveniles than did females. This is related to the fact that males had both a
higher frequency and rate of receiving grooming from juveniles. These were the only
differences. Females received comparable amounts of grooming from both males and
other females.
Seasonal Study
The paired signed rank comparisons showed several significant results for
seasonal variation in aggression. Between the summer and winter morning (Table 3), the
frequencies of acting noncontact aggression and noncontact aggression received by either
an unknown individual or multiple individuals were higher in the summer. The summer
and the winter afternoon showed some significant variations as well (Table 4). In this
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Table 3. Observed p values for aggression in Wilcoxon signed rank test in comparison of
summer and winter morning.

All

Acted Contact
Received Contact
Acted Noncontact
Received Noncontact

0.054
0.468
0.909
0.183

0.611
0.358
0.098
0.091

0.083
0.529
0.162
0.459

0.458
1.000
*0.030
0.235

0.317
0.317
0.100
*0.034

Males Only

With Male With Female

With
Unknown/
Multiple

Acted Contact
Received Contact
Acted Noncontact
Received Noncontact

0.128
0.273
0.575
*0.028

0.461
0.285
0.398
*0.046

0.109
0.655
0.161
0.116

1.000
1.000
0.325
0.180

0.317
1.000
0.246
0.317

Females Only

Total

With
Juvenile

Acted Contact
Received Contact
Acted Noncontact
Received Noncontact

0.239
0.700
0.723
0.196

0.276
0.308
0.061
0.193

0.309
0.677
0.485
0.501

0.317
1.000
0.067
1.000

1.000
0.317
0.462
0.102

Table 4. Observed p values for aggression in Wilcoxon signed rank test in comparison of
summer and winter afternoon.

All

Acted Contact
Received Contact
Acted Noncontact
Received Noncontact

Males Only

Acted Contact
Received Contact
Acted Noncontact
Received Noncontact

0..249
0.715
0.263
0.345

0.655
0.276
1.000
0.173

0.138
0.157
0.401
0.752

1.000
1.000
0.207
0.180

0.317
1.000
*0.027
0.317

Females Only

Total
With Male
0.729
0.492
0.373
0.130
0.084
0.975
0.122
0.367

With
With
With
Unknown/
Female
Juvenile Multiple
0.373
1.000
0.317
0.677
1.000
0.317
0.237
*0.047
*0.001
0.253
*0.008
*0.034

Acted Contact
Received Contact
Acted Noncontact
Received Noncontact

0.673
0.505
0.332
0.109

0.083
0.257
0.332
0.266

0.916
0.866
0.438
0.379

1.000
1.000
0.355
*0.025

1.000
0.317
*0.024
0.102
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Table 5. Observed p values for aggression in Wilcoxon signed rank test in comparison of
winter morning and winter afternoon.

All

Acted Contact
Received Contact
Acted Noncontact
Received Noncontact

0.342
0.342
*0.080
*0.003

0.131
0.131
0.254
*0.009

0.317
0.590
*0.016
*0.016

*0.008
1.000
0.674
0.131

*0.003
1.000
0.066
1.000

Males Only

With Male With Female

With
Unknown/
Multiple

Acted Contact
Received Contact
Acted Noncontact
Received Noncontact

0.865
0.285
0.050
0.753

0.276
0.593
0.833
0.752

0.786
0.317
0.063
0.249

0.655
1.000
0.610
1.000

1.000
1.000
0.180
1.000

Females Only

Total

With
Juvenile

Acted Contact
Received Contact
Acted Noncontact
Received Noncontact

0.292
0.469
0.083
*0.004

0.317
0.931
0.106
*0.023

0.458
0.168
0.074
*0.015

0.317
1.000
0.782
*0.083

1.000
1.000
0.180
1.000

case, there was both more noncontact aggression acted on and received by juveniles and
unknown or multiple individuals. The significant differences between the winter morning
and winter afternoon show a different pattern (Table 5). The winter morning showed an
increase in acted noncontact aggression due mainly to a significant increase in the amount
of acted noncontact aggression on females. There was also a higher frequency of
received noncontact aggression in the morning explained by the increase in noncontact
aggression received from males. Therefore, in the winter morning, males performed
more noncontact aggression and females received more noncontact aggression than in the
winter afternoon.
When male behavior is isolated from females and the wilcoxon test performed
solely on males’ behavior, different results appear. Between the summer and the winter
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morning, the only significant difference in behavior is that males received more
noncontact aggression from other males in the winter morning. Males also performed
more noncontact aggression in the winter morning than in the winter afternoon. There
were no significant differences in male behavior between the summer and the winter
afternoon.
When female behavior is examined on its own, a separate pattern emerges. There
were no significant differences between the summer and the winter morning. The
summer had significantly greater frequencies of females performing noncontact
aggression on either unknown or multiple individuals and receiving noncontact
aggression by a juvenile. Winter mornings also showed higher levels of aggression than
winter afternoons. Females received more noncontact aggression in the morning due to
the significantly higher frequencies of received noncontact aggression by both males and
females.
Grooming frequencies varied by season and time of day as well (Table 6). The
summer and the winter morning showed several significant differences. The winter
morning had higher levels of overall performed grooming, overall received grooming and
received grooming from a female. The summer, on the other hand, had more performed
grooming on juveniles than the winter morning. The winter afternoon was characterized
by more grooming than the summer as well. The afternoons had more overall acted
grooming due to more performed grooming on males. The winter afternoons
outnumbered the summer in overall received grooming as well because of a significantly
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Table 6. Observed p values for Wilcoxon signed rank test in comparison of all
individuals.
Acted groom frequency
On males
On females
On juveniles
On mulitple/unknown
Received groom frequency
From males
From females
From juveniles
From multiple/unknown

Summer-Winter Summer-Winter
morning
afternoon
*0.006
*0.005
0.163
*0.026
0.054
0.118
0.789
*0.037
0.892
0.102
*0.048
0.326
*0.013
0.929
0.665

*0.002
0.528
*0.002
0.655
0.480

Winter morningWinter afternoon
0.982
0.427
0.553
*0.047
0.083
0.516
0.774
0.949
0.402
0.705

higher frequency of grooming received from a female. Winter mornings and afternoons
differed only in that the afternoons had more grooming performed on juveniles.
By looking only at male behavior (Table 7), only a couple of significant results
emerge. The summer shows less received grooming overall and less received grooming
by females than the winter afternoon. There are no significant differences in male
grooming between either the summer and the winter morning or the winter morning and
the winter afternoon.
However, female grooming varies in many more ways by season and time of day
than male behavior (Table 8). The summer and winter morning differences are mostly
showing increased grooming in the winter morning. Overall, females performed more
grooming, received more grooming, and received more grooming from other females in
the winter morning than in the summer. However, females groomed juveniles more in
the summer than in the winter morning. The significant differences in the summer and
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Table 7. Observed p values for Wilcoxon signed rank test in comparison of male
behavior only.

Acted groom frequency
On males
On females
On juveniles
On mulitple/unknown
Received groom frequency
From males
From females
From juveniles
From multiple/unknown

Summer-Winter Summer-Winter
morning
afternoon
0.483
0.123
0.326
0.173
0.161
0.107
0.655
0.655
0.655
0.180
0.484
0.397
0.093
0.310
0.655

Winter morningWinter afternoon
0.944
0.892
0.888
0.564
0.317

*0.050
0.172
*0.017
0.684
0.317

0.206
0.713
0.484
0.680
0.317

Table 8. Observed p values for Wilcoxon signed rank test in comparison of female
behavior only.
Acted groom frequency
On males
On females
On juveniles
On mulitple/unknown
Received groom frequency
From males
From females
From juveniles
From multiple/unknown

Summer-Winter Summer-Winter
morning
afternoon
*0.010
*0.031
0.088
*0.009
0.066
0.343
0.233
*0.017
0.276
0.317
*0.035
0.088
*0.018
0.144
0.480

*0.031
0.182
0.068
0.066
0.705
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Winter morningWinter afternoon
0.906
0.442
0.265
0.180
0.157
0.586
0.944
0.348
0.655
0.655

winter afternoon data all indicate lower frequencies in the summer as well. The winter
afternoon showed females grooming others more, receiving grooming more, and
grooming males more than they did in the summer.
Not surprisingly, mounting frequencies also varied by season. When analyzing all
individuals in the group, several distinct variations emerge. The frequencies of acting
mounts on males varied by season. Acted mounts on males were significantly more
frequent in the summer than in both the winter morning and winter afternoon. In
addition, the frequency of mounts received by juveniles was more frequent in summer
than in either the winter morning or the winter afternoon.
When male behavior is isolated, more significant differences are seen. Males
receive more mounts in the summer than in the winter morning. This difference is not
significant between the summer and winter afternoon. The only significant difference in
male behavior between the summer and winter afternoon is that males mounted other
males more often in the summer than in the winter afternoon. No significant differences
were found between the winter morning and the winter afternoon.
Analyzing female behavior independently reveals expected results. Females did
not receive significantly more mounting in the winter morning and afternoon, but they did
receive significantly more mounting from males in both the winter morning and afternoon
than in the summer. This is to be expected considering that the winter observations
occurred during the breeding season. It is likely that the winter mounts resulted in
copulations.
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5. DISCUSSION
Group Composition Study
The analyses revealed some interesting differences in behavior between the sexes.
The summer data show that males performed more aggression and females received more
aggression (Figures 5 and 6). However, there is a difference in contact aggression.
Although males perform significantly more contact aggression than females, females do
not receive a significantly higher amount of contact aggression than do males. This
means that males are acting contact aggression rather equally on both males and females.
On the other hand, females receive more noncontact aggression than males and males
perform more noncontact aggression than females. Not only did females receive more
noncontact aggression overall, they received more noncontact aggression from other

Frequency per hour

2

*

*
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Female

1.5
1
0.5

*
0
Total
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Non Contact

Figure 5. Differences in performed aggression between the sexes for the summer data.
The asterisks indicate statistical significance at the 0.05 level.
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Figure 6. Differences in received aggression between the sexes for the summer data.

females suggesting that females were not as readily willing to threaten males as they were
to threaten other females. These results fit the pattern described by Harlow (1965).
The group differences seen in the summer data suggest some interesting factors
are at play. R/09C showed lower levels of overall aggression and aggression involving
females than the other two groups (Figure 7). Initially, one might think that having more
individuals in similarly sized corrals would create more aggression, but this is not the
case. R/09C contained 23 non-infant individuals while R/10B only had twelve and
R/05D had eight. Furthermore, although not significant, R/05D showed slightly less
aggression than R/10B. So not only did the most ‘crowded’ group (although none of

42
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R/10B
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1
0
Aggression

Aggression
Aggression
Involving Males Involving Females

Figure 7. Overall frequencies of aggression between groups for the summer data. The
brackets indicate a statistical significance at the 0.05 level.

these groups could be considered crowded) show the least amount of overall aggression,
the least crowded group had the second lowest aggression levels. Therefore, not only can
the crowding hypothesis be discarded, but the inverse cannot be correct either. It appears
that density, or amount of space per monkey, has little to do with the varying rates of
aggression seen in this study.
If more individuals in the same size corral cannot explain the variation in
aggression levels, then what can? There are two other possibilities. The first explanation
lies in the fact that the other significant variations, other than overall aggression, are
aggression involving females and noncontact aggression acted towards males. It is
possible that the sex ratio may account for the aggression pattern seen. R/09C contains 6
males to 13 females. If sex ratio is calculated as the number of males divided by the
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number of females, the R/09C sex ratio is 0.46. Likewise, R/05D contains 2 males and 6
females (0.40 sex ratio) while R/10B contains only 1 male with 9 females (0.11 sex ratio).
When using sex ratio, R/10B has both the lowest sex ratio and the highest level of
aggression and aggression involving females. On the other end, R/09C has the highest
sex ratio and the lowest amount of aggression and aggression involving females.
However, the sex ratios of R/05D and R/09C are closer to each other than expected if sex
ratio were the sole cause of the elevated aggression levels.
The third possibility for explaining the variation in aggression between groups is a
factor that has not yet been mentioned. Although the aggressive interactions with
neighboring groups was noted, they were initially not included in analysis because it was
presumed that these intergroup fights were not essential to the intragroup interactions
being observed. The fights were mostly noise oriented, shaking cage walls and barking,
etc. The monkeys in separate corrals could not reach each other due to a neutral crawl
space created between the corrals. When intergroup fights were taken into account, a
pattern emerged. For R/05D, during 8 hours of observation, not a single intergroup fight
was observed. This may be because of two possible neighboring corrals, one was empty.
During the 19 hours of observation for R/09C, 18 intergroup fights were observed and
R/10B had 1 intergroup fight during its 15 hours of observation. This gives the group
R/05D, R/09C, and R/10B frequencies of 0.00, 0.95, and 0.07 intergroup fights per hour,
respectively. This pattern follows that of aggression. The oddball is R/09C with a
frequency of almost one intergroup fight per hour whereas the other two are at or near
zero fights per hour. While R/09C has a high frequency of intergroup aggression, this
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group has a significantly lower frequency of intragroup aggression. The other two groups
have comparable intergroup aggression and intragroup aggression.
Of the three possibilities of influencing factors on the variation of aggression
within the group, it appears that intergroup aggression is the most likely candidate.
Intergroup aggression seems to have an inverse relationship with intragroup aggression.
It is possible that the stress of fighting with a neighboring group acts as a stabilizer for
within group relations. This scenario would most likely not occur in the wild because
wild troops are free to move away from each other or avoid each other. Sex ratio also
appears to have a slight, but most likely negligible, impact on aggression levels. Animal
density had no effect on the aggression levels observed.
The grooming differences were not what was expected. To begin with, there were
no significant differences determined by the Kruskal-Wallis test on the summer data.
This is contrary to most studies on rhesus which indicate that females groom more than
males do (Mitchell and Tokuaga, 1976; Drickamer, 1976; Lindburg 1971; Teas et al.,
1980). It is possible that removing the one year olds from their natal group and not
necessarily replacing the females back with their kin is affecting the female grooming
levels. Since the matrilines are not fully intact, females may be grooming less than in the
wild because their immediate kin are not present. Female bonds may not be as strong in
this situation.
On the other hand, the group differences in grooming behavior show an
interesting pattern. In this case, R/10B showed lower frequencies and rates of overall
grooming than either R/05D and R/09C (Figure 8). Interestingly, this is completely due
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Figure 8. Overall frequencies of grooming between groups for the summer data.

to male behavior. The frequencies and rates of grooming involving males, grooming
performed by males and grooming received by males are all significantly lower in R/10B
than in either other group. The main factor behind these variations has to be sex ratio.
R/10B is the group with only one male and nine females. Having essentially a uni-male
social organization has to effect the behavior of both the male and the females in the
group. Because rhesus macaques naturally live in multi-male, multi-female social groups,
the unnatural composition of this group affected the grooming behaviors within the
group. This one male participated in grooming significantly less than his male
counterparts in the other two groups. He performed and received less grooming than any
other male in any of the groups. Since males rarely groom one another (Drickamer,

46

1976), the lack of another males presence should not be affecting the grooming levels in
this way if it were the only factor. Females in R/10B are grooming one another at
equivalent levels to the other two groups, they simply are not grooming the male or being
groomed by the male as much. The logical explanation for this is that the male is not
competing for access to the females. He has no need to gain the favor of particular
females because come mating season, the females will have to come to him in order to
reproduce. If this is the case, then it would imply that grooming is used primarily by
males to gain access to reproductive females and to increase their reproductive
productivity. Interestingly, the females’ behavior did not change although they were
competing over only one male. One would think the females would attempt to groom the
male in order to get in his favor thereby increasing their reproductive success. It is
interesting to note that only the dominant female had an infant during the 2003 birth
season. I would like to have seen how this group behaved during the mating season had
they not been disbanded.
The same Kruskal-Wallis and Mann-Whitney tests were performed on the winter
data for the two groups that I did have data on in order to see if the same patterns existed
during the mating season. For aggression, the only significant differences were that males
acted more overall aggression due to acting more noncontact aggression (Figure 9).
Unlike the summer data, males did not act more contact aggression nor did females
receive more noncontact aggression (Figure 10). While females still received more
contact and noncontact aggression, they did not receive more at a significant level
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Figure 9. Differences in performed aggression between the sexes for the winter data.
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Figure 10. Differences in received aggression between the sexes for the winter data.
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indicating that males are receiving more noncontact aggression from other males in the
mating season.
The group differences differ from those seen in the summer as well. Without the
R/10B data, there was no significant difference between R/05D and R/09C in the winter.
The winter data showed that R/05D had more aggression involving the juvenile in the
group than did R/09C. This was due to noncontact aggression acted towards juveniles. I
cannot say why this is. There was only one juvenile in R/05D and two in R/09C during
the winter. All of the juveniles in the groups were males so sex differences cannot
explain the group differences. It may simply be personality differences between
individuals. Regardless, the significant differences in aggression between the two groups
during the winter are negligible as compared to the significantly lower amounts of overall
aggression and aggression involving females in R/09C in the summer data. It is unclear
why these two groups had similar levels of aggression during the winter and disparate
levels of aggression during the summer. Perhaps the stress of the mating period has more
influence over aggression levels than group composition or intergroup fighting levels.
Another possibility for the similarity in aggression between the two groups in the
winter is the similarity in number of intergroup fights. R/09C had six aggressive
interactions with neighboring groups during the morning and one in the afternoon.
R/05D had five intergroup fights in the morning with one in the afternoon. This gives
R/09C and R/05D a frequency of 0.44 and 0.3 intergroup fights per hour, respectively.
The closeness of intergroup fight frequency and levels of intragroup aggression lends
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credibility to the theory that intergroup and intragroup aggression have an inverse
relationship.
A possible explanation for the increase in intergroup aggression in R/05D is that
one of their neighboring corrals that had been empty in the summer was occupied by
another group during the winter observation period. This could have created more
tension between groups. However, although intergroup aggression increased during the
winter, intragroup aggression increased as well. In this case, the stress of the mating
season probably has a larger effect on aggression than xenophobia. It is possible that
within group aggression could have been higher had their been no intergroup aggression.
The grooming data, on the other hand, are quite similar to the summer data when
comparing the two groups. There were no significant differences in grooming between
R/05D and R/09C in either the summer or the winter. Comparing the sexes, however,
revealed some differences unlike that in the summer. The higher levels of females
grooming with males than male grooming with each other further supports the idea that
males are using grooming to gain access to reproductive females.
Seasonal Study
The results indicate that there were significant differences between the winter
morning and the winter afternoon. The winter morning was characterized by higher
frequencies of noncontact aggression than the afternoon (Figure 11). The morning had
higher levels of acted noncontact aggression, noncontact aggression acted on females,
males acting noncontact aggression, received noncontact aggression, noncontact
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Figure 11. Overall frequencies of aggression between the seasons.

aggression received from males, females receiving noncontact aggression, females
receiving noncontact aggression from males, and females receiving noncontact aggression
from other females (Figure 12). The afternoon showed a higher frequency of grooming
juveniles.
This pattern is similar to that described by Malik (1986) and also illustrates the
general malaise of the macaques in the afternoon. Malik states that the rhesus macaques
spent more time in the winter afternoon grooming than in the summer. This was because
the monkeys slept more in the summer afternoon. Regardless of season, the afternoon
was characterized by a period of rest. During such a time, all behaviors except affiliative
grooming were decreased.
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Figure 12. Frequencies of female aggression between seasons.

The interesting results, therefore, will be from the two seasons at the same time of
day. The summer morning and winter morning data are subsequently more comparable.
Not much difference in aggression was found between these two. The only significant
results are that more noncontact aggression was acted on either unknown or multiple
individuals in the summer and males received more noncontact aggression from other
males in the winter morning (Figure 13). The fact that more noncontact aggression was
acted on unknown or multiple individuals may simply be a result of more actions
occurring quickly or in places where dye markings were difficult to make out. In either
case, it is unclear whether this is an actual difference or the monkeys involved simply
were not identified. However, males receiving more noncontact aggression in the winter
morning suggests that there may be increased competition between males in the winter.
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Figure 13. Frequencies of male aggression between seasons.

The fact that there is not more contact aggression observed means that males are not
getting physical, merely asserting dominance through gestures.
There were several differences in grooming behavior between seasons (Figure 14).
In general, the winter morning had higher frequencies of grooming than the summer.
More grooming was received in the winter morning due to more grooming received by
females and more grooming received from females. The summer did have one higher
frequency and that was more grooming done on juveniles due to females grooming
juveniles more in the summer than in the winter morning.
The point of notice here is that all of the grooming statistics involve female
behavior. Drickamer (1976) noticed that females participated in the lion’s share of the
grooming as well. Drickamer’s (1976) results are similar to the ones found here in that
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Figure 14. Overall grooming frequencies between seasons.

females groomed both other females and males more during the mating season.
However, the one discrepancy between the two studies is that Drickamer (1976) found
that females groomed juveniles more during the mating season, whereas this study reveals
that females groomed juveniles more during the birth season.
In addition, differences found in mounting behavior indicate that even though the
winter observations occurred near the end of the mating season cited by Zumpe and
Michael (1978), these observations did indeed take place within the mating season.
Although the summer had higher frequencies of mounting performed on males and
juveniles mounting others, the winter morning showed the higher level of females
receiving mounts from males. It is these heterosexual mounts that are sexual and lead to
copulations. The male on male mounting observed more often in the summer serves to
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reinforce the unstable bonds between males who have immigrated into that troop and do
not have the matrilines in place for support. These bonding mounts also take place
between male-female, female-female, and occasionally have been seen as female-male.
Juveniles also participate in this type of mounting and practice their sexual mounting
technique on others (Harlow, 1965).
The pattern of mounting differences seen between summer and winter morning
also appear between the summer and the winter afternoon. Again, the summer has higher
levels of mounting performed on males because there is also a higher level of males
mounting other males. Juveniles also performed more mounts in the summer than in the
winter afternoon. Once more, females received more mounts from males in the winter
afternoon than in the summer.
Mounting appears to be the one behavior that is not affected by the time of day.
There were no differences in frequencies of mounting between the winter morning and
afternoon. On top of that, the differences are the same between the summer and the
winter morning as between the summer and winter afternoon. The decrease in activity
associated with the afternoon does not apply to mating. Sexual activity occurs equally at
all times throughout the day during the mating season.
The differences seen between the summer and winter afternoon are more of the
same differences seen between the summer and winter morning and those seen between
the winter morning and the winter afternoon. Again, the afternoon had significantly less
aggression. The summer had higher frequencies of noncontact aggression acted on
juveniles and multiple individual or unknown individuals and received from juveniles and
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unknown or multiple individuals. Females performed more noncontact aggression on
multiple or unknown individuals and also received more noncontact aggression from
juveniles in the summer than in the winter afternoon. These differences serve to reinforce
the concept of general malaise among the rhesus macaques during the afternoon.
There were many significant differences in grooming behavior between the
summer and winter afternoon. In all cases, more grooming occurred in the winter
afternoon than in the summer. All of these differences relate to the fact that more overall
grooming occurred in the winter afternoon due to the fact that females groomed others
more and that males were mainly the beneficiaries of this grooming.
One important point is the lack of significant differences were found between any
of the seasons for any form of contact aggression. This reinforces the fact that contact
aggression plays a small part in the large repertoire of rhesus macaque aggressive
behavior. Although rhesus are supposed to be the most aggressive species of macaque
(Southwick, 1968), they rely mostly on gestured threats that do not cause physical harm.
Contact aggression, while always present at a low level, did not significantly increase in
the mating season when, contrary to patterns in the wild, no new members were
introduced into the group. This further supports the theory (Bernstein, 1993) that the
increase in wounding seen in the winter is due to unfamiliar males attempting to join a
new group.
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6. SUMMARY OF RESULTS
In the summer data, males performed more aggression and females received more
aggression. However, while males performed more contact and noncontact aggression,
females received only more noncontact aggression. No grooming differences were found
between the sexes. The aggression patterns follow those seen in the wild, but the
grooming patterns do not.
As for differences between groups, a couple of patterns emerged. R/09C showed
the lowest overall aggression because this group’s frequency of aggression involving
females was significantly lower. The low level of aggression in R/09C appears to be due
to the high frequency of intergroup aggression. The between group fights seem to evoke
a xenophobic response and cause the members of R/09C to bond together.
R/10B showed significantly lower grooming frequencies and rates than the other
two groups mainly due to lower amounts of grooming involving males. Because there
was only one male in this group, the male had no need to create bonds with the females
because he had no competition. This indicates that males use grooming primarily as a
way to increase their reproductive fitness. For this group, male behavior accounted for
the differences seen in grooming while female behavior accounted for the differences
seen in aggression.
When the winter data is analyzed the same way, a separate set of differences are
seen. While males still initiated more aggression than females, males did not initiate
more contact aggression. Also, females did not receive more aggression than males
during the winter. This suggests that males are receiving more aggression in the winter
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from other males as a form of competition over access to mates. Males were also more
involved in grooming with females in the winter in another attempt to gain access to more
females. There were no real differences between the two groups observed in terms of
either aggression or grooming. It is interesting to speculate why the two groups R/05D
and R/09C reached similar elevated levels of aggression during the mating season when
R/09C showed significantly less aggression during the summer. Although R/05D had
higher levels of intergroup aggression during the winter, it is possible that the stress of
mating is a more important factor in creating tension than any amount of intergroup
aggression.
The Wilcoxon signed rank tests compared the summer and winter data more
precisely. To begin with, there were several significant differences between the winter
morning and winter afternoon making these two periods uncomparable. Most of these
differences reflected the general malaise of the rhesus in the afternoons. There was less
aggression and more grooming in the afternoon. Therefore, the summer morning data is
most similar to the winter morning data, so that comparison will be the most significant.
In addition, male on female mounting was observed significantly more in the winter
demonstrating that although the observations took place near the end of the mating
season, the mating season was still in effect.
Only a couple of important differences were discovered between the summer and
winter morning data. Males received more noncontact aggression from other males in the
winter morning than in the summer. This is most likely due to competition between
males over access to females. There was also more grooming in the winter morning than
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in the summer due mostly to female behavior. The stress of mating increased males’
aggressiveness towards each other and also elevated the frequency of grooming in order
to ease the stress.
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7. IMPLICATIONS
Group composition, intergroup aggression, and mating season all affect the levels
of affiliative and agonistic behaviors of rhesus macaques. In any given situation, the
monkeys act to increase their own reproductive fitness and maintain the relationships
necessary to preserve the group. The male in R/10B had no need to groom females in the
group so he did not groom them. The males in the other groups might have increased
their chances of mating if they groomed females more during the mating season, so they
did. If a male threatened other males more during the mating season, he asserted his
dominance and, therefore, increased his chances of mating.
These results have implications for animal husbandry. Because decreasing
dangerous and potentially fatal intragroup aggression is a goal of all animal caretakers,
the results from this study can aid in creating and maintaining social groups with as little
aggression as possible. One important result is that the male in R/10B showed almost no
affilitative behaviors and was overly aggressive to any human that entered the corral. By
creating a one male group with a species that is naturally multi-male, multi-female, there
is an unnecessary alteration of normal behavior. This situation should be avoided when
creating new groups.
In addition, the loud intergroup fights that were observed appear to reduce the
frequency of intragroup aggression. Although upon hearing such fights, one may think
that they cannot possibly be beneficial, all instances observed here suggest the opposite.
The monkeys cannot be injured when fighting a neighboring group if a neutral space
exists between the corrals. Therefore, it may be favorable to house rhesus next to several
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groups in order to increase intragroup aggression and thereby decrease potentially
harmful intragroup aggression.
On a more theoretical note, the results of this study indicate that variation in male
behavior is driven almost exclusively in these circumstances by the drive to increase
reproductive fitness. Males appear to only groom if it increases their access to females.
Male aggression also increases towards other males during the mating season. Because
preferential access to food and emigrating males are removed from the situation,
competition over access to reproductive females seems to be the only explanation for this
increase in aggression. Females, on the other hand, did not change their grooming
behavior when only one male was present. Logically, one would think that a female
would groom a solitary male more in order to gain mating opportunities with him during
the mating season, but this did not happen.
This study has shown how rhesus macaques attempt to enhance their own success
in different circumstances. While the differences seen here are intriguing, this study is
not large enough to draw any broadly applicable conclusions. More research needs to be
done in order to show that personality differences alone did not cause the results reached
here. However, the conclusions reached are interesting and merit further investigation.
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